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(54) yi^iieS&t^*®»ifc^ 

(57) immi 

JB-Ci!i3if S ^ i: ^ * 7 * b = ^ l^S®SSit:SS 
1 1 ®Sl«*t±> S 2 2 CD^S^St/^ 

So 




Si* * K: S $ n -5 S 3 ® S ^ <ii X ^ 

!t#Sc i: 1" S 7 * h — i^ffio 

[i««JB 2 3 buBB^ 1 (Dmnmt S i * fcttO a a s 
T-fe»3. fII3^2CDm«<*:liS i Ozv SiNxSfettS 

i0xN,T-&i.c:i:^i^«ai:-r^WS?JSli3«®7;j- h 

^fiK1-5^-fbSI®]P^^^4. 'J>^i:< i: '&mil3Blfl<*?L®B5 

\m^^ 7 ] miBa««^ s i sst-*?. :it^^m. 

[0 0 0 1] 

K;C!3!l*®*fii-iE^iJ bt '5: ?) 7 5f h - i^^sgS^iV-?-® 
to 0 0 2] 

mBit. mmm(D:K^ < 2«^t;±®sitt#:S:s 

tt^Wf ?>:6lRl©^{-JSbT la^TCs 2i!fe7Cx 3i>J7T;® 
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1.3 2 No. 11 p. 862 (1997) # 

o 

[OOOSl^iJAK, lj>:5c®7* b-y^HSSilb 

mt^mm {mm.m>i) t^^m (si«*i) ozm 

2i>:7C©7*>:^5'^ifg^i:bT{ix 
lc]E:51S^«-?>H^1S^ttlc:^IS©St?L4l§?L bfc 

[0004] Sfe, 3iJi7Ci©7* b-s/^^iSffii: bt 

20 [0 0 0 5] C©J;^{'n h:=.>j;-^jS§li> iSS^*: 
iE^ij©a*W*ffl«9«3tt^J;!3H^1S^, ffi<i:>i::&tS^ 

* b-yi^jSggtt, ■t©Sli3g;5ffi*sS^Si:M^*fi*]^i:« 

ci^?.©«^t©Jt^^#?te^ii^^4^^^#* 

«»© 1 / 2aK©?ft*©Jt*siSW«iil*l®if®:^l^t^ 
t)e»■rsdi:*«r•#55:^^«^^•r Sci:**t-ti)o c® 

Bt> -?®iga«i7;j- h — f ^ • (PB 

G) «:*•rS^:V^^o 
30 [0 0 0 61 Cd-e. PBG**f SiKII©rta5{Cffi^ 
14^£L-r:55:|!fl^*A-rtx{Ss C®;>?|5llgP:9-lc®i^^3t**# 
ffi-r?.ci:**T-^i.o bfcA^o-r. d®ieai*iic^;PiS«: 
MbfcW^i: bt:itiS!-m«3te®#^lSSi:-r«d 
^> c:oi®ill*it:^P(6*i^«t:{^S-mK»«S& 

©s^T-tts mw^:^•^:MlW«JS®^®^^^^Tk:^c?)T 
wtctt. -f jx-eix®3tek:?*JSi-r5PBG®)i?aisc(^®® 

Htt'JK<-rbt-SJb^V'®-C> TE?Ki:TMtg[®i5S:?5{c: 
40 ?tb-t:PlB#tcPBG3t»s^b2)iSiRiSl36BA*#S-r*m 
*®PBGtt^^>'^> h'^^f-Vi'T- (^^JfePBG) 

[0 0 0 7] 2»^7t;T•^^>'^'> H=^-\'^^7'*Si^:£-ri)tb 

♦s^^S!t> ?LS®astt> 0lJx.^^^ si«^i i. 4©^ 
<t^{c. a^,IS^^^±/'^•>H=^vy7■*^f»^ni)©^±^ 

g (r/a) A«0. 4 8^ tfelSiKSSl (wa/27rc) 
50 IfiO. 5ga©i:#-C*>So iiU rtt?L©#S> aii 




1^(3)2 



7* h-S'i'i^S®l&T^^S(> o)ltt/t<DnMW}iSL. cii 

[0 0 0 8] mXlt. it^T'f y^— CJ;?)3SSEgt?t3l{S 

♦&^^^»a*H-PL-rsi:s a = 0. 78Aimi:*So^t 

1f-7D — • •7-1' h J H PP- 125 — 
12 6 (J.D.Joannopoulos, R.D.Meade andJ. N.Winn, P 
hotonic Crystals, Modeling the Flow of Light, Prin 
ceton University Press, pp. 125-126) Ci¥L<IB«^ 

[0 0 0 91 b*'U^C**6.^ ti£*OP3J15?L?£=^1S?iB 

±j\:^Y^^ vyifinhfi^OMlKDm.^d (=2r) 
= 0. 9 5 a£Di:t-C$)S*^^^ ?LHOS®» ^ttS'J^ 
gpt?0. 0 5 a, EPt> 0. 0 3 5 /zmfc^cDN a^F«3® 

[0 0 10] ^ci-Cn ^J;1«, mim®:S:SR r^* h-^; 
• i'U^^'^'^l' If'^o — • v-Y b J O 1 2 5 

i^^)^^i:bTntt4^0M«<*^**®*<^'-BH 

jij bfc 2 ^7m<Dm^^^ m v ^ t j^*^ib«^ v > s o 

ll7C^-rj;ai;. (r/a)=0. 14. (a> 
a/2 7rc) ~1. 0CDi:#tcH:^*S?iB^J©«3fti:l^ 

SI. 5 5>umt:^tb-r*S^^»a= 1. 5 5)tzm> n 
*icDilgd = 0. 22/im, S'hRS^EEaiO. 46/^ 

®^^c;*5l^■r-Js&®a^*^b-t:^^So 

[0011] 

[«BJ**M?^b<fc-5i:-r*»ffil i:-5-r-, t«3K©»® 
**S^ 2 ife7C7 * h - >y i73|gST-ttx Rttfi©^«t^«: 

[0012] ?L%E?Ubfc2i)?7c7* ^|gS©S 

i^s©i»«^*^ (!it©«<s^ 2 *7c7 ;t h - ^> ^sss-e 

* h^^;;i'iSS©R*£»S©l 0{gSSJCt)S*®-&*^ 
*;5o ^*tfc*Bitoe>r, P3ttPa©iS*llttSI«^©^t) 

^^i^^^f^t-2)fc«)©^^*2^ss»s-i:**lib 

fetb-C*, 7* h-';'^?iS^©<^ffixgt:i5i>-Ctt, 
* iSfeftt- ■?) ^ i^?t7lcO«® 51:^3 ©fe «>t^ P3 

[0 0 13] *^B^Ji, ±|3©»«l3^5^-t'a:$nfc*» 
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K©:*:§V^2»:7t;«3g©7:* h ::i 3 
tc, biP4)fi]lb^^^Jf^•t•iliJg■r2)Cl^:*5t•#^)7* b 

^ y !^s©ssit:j5S**iefr s * s 6<) i: -r S o 

[0 0 14] 

[^S^«?»i-ri.fc*i)©¥@] ±l3SM*fi?i*t--5>fe«) 
IC, 3|s^|gtt«©«6*7* h-y^j*aStF-^©Si3i* 
SsifeSlfflbfco -r&i^*., W5ltJils3«©7*b->;'^ 

^aii, 2 iRs®!»©»<s^^t>cici2?ij^ jxfc^ 1 (Dmn 
*^^*:SI^3^«^^^fc^2©M«<*^:^ w.m2(Dmn.i^^ 

k:F«3a$nsll3©^S{*:i:S:(iix., mitB^ 1 ©^«<*: 
©em^tt, M83^ 2 ®e«{*:©^m^;RU^BuiB^ 3 © 
Mm^*;©Sim^J; 0 t,:*;-r-$)SC fc^^^^i: b-cv^So 
Cl©7 * b - iJ'ie^Ttt, ♦&^j^©«!K«i:©ra*si« 
^©{£^^t^J|s^T•gli^■r^3i:(rJ: !3, 2?^5c©^©«tS 
^ttCiE?'J^ixfctitt<*©ii£v>^±^^> K^i' 

20 [0015] li^IR 2 8B«© 7 * b - >i' ^^^S^tt, MS? 
1 SB^© 7 b - 1? ^^t* V>T, HUlBS 1 ©B« 
i*;(*S i tfcttGaAs-C*t), illg3» 2 ©^«{4:tt S 
iOa, S iN.SfcttS i 0,Nyf$)2)Ci:*iRf^i:b 
T^^So C©^* b-^^'^iS^T-tt, bUSB^ 1 ©^mi* 
i:BiiiB^2©Sim<*i;©r^©^«t43ti*i^^ t3^ 7:i-b- 

[0 0 1 6] B*Ji3I3®07;t b-<v^?^^{±, luIB 
a*^^*:, ftlSB^ 2 fflem^*:;5U-mJi3^ 3 ©Rm<i^&, IS 

30 b-cv^So ^:©7* b-^'^5^i^ffitt^ S«®fi;§IS^Ji 

5®-e, 7* b->;'i'iSS®^^:&> rtaioibmm^mn. 

[0 0 17] i|^JS4IBffi®7;«- b-^;'^SiSOtlijt?5 
^tt, ^l®^S<**^?>*S*i«<**^«iS*^ 2i^K;® 
!l#®mtS^t^tcBE?iJ^nfc»«±«-, b!I13^1®^«<* 
J: ^3SI«*0'^^''^^ 2 ©SIS<**»e>«i:?>lK€:fiK]^-r2. 
XSSfii^, c®xSlci5W?>mliBIM®flIJ??:^ H>iBB*t 
I^W^T- 5flS©)!MJ» -r S c i: ?&it$gH 
40 i;b■C^^2)o c:©7* b-<J/i5'i^Si©tSji:^S"^-tt> ^ 
^-'•^^ b*^-\":'7'**b, iPOttWfitJSfiKCSV^^* b 

[0018] IS^Ii 5 %m.(Dyi[ b - i7Sigg©S3t;& 
mi. ^«<*:a«®«ffl*^^bb, SsKf ?)^^blK©» 

bti-'So c:©7* b — >>^i^S©^3t:^* 
T-tt, K<bflS©»5^^^®®Ji8l*iW^f^^T'5: CI C iid^T- ^ S 

50 [0 0 I 91 ^^3S6f3«®7* b-s'^ieffi©Saii:^ 
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[0 0 2 0] ii^^7g3ffi07* b-'^'^^iSSCS^jfi?? 
[0 0 2 1] 

So 

[0 0 2 2] E!t3*3V^T, *?F-^ 1 tt»rS**l»&H^?B*ft® 

^m#a (Sl®Sim{*:iP?>'5;5««i*:) . 2tt^«<* 

*± 1 (Dmm-^^m.x^i^'-owmn.w^ i ^tjsm^nfc^ 

2CDil«i*;s 3<4^2CDBm<*2<t5Cl?3S$ix5RB« 
3 ® ^ti*t:-e & 2. o 1 tt 2 i^7E©^©*t& 

^tttlE?'j^nr*5»jv 1 ®MiH^e«i*2 # 

S^TvvJSe =&ISm<«il4S^^^<*2(iS^^t:i«As 
r3T:fct)^ Blm^*;t^l^ l^ •"£DHH±Sl^i*2*»3E«$ 30 

[0 0 2 3] 2 1 , 1 ^ -OMtC^:^ 

So esi*;ai^ mm^2. mnwzoymm^^^fi'^ 

fiel. e2. fSitfSi:. £l>£2> £l>e3 
iW4i> K«f*:2-^ti^ixoJf^^*(--oiNT<bl^#k:}g© 

^«•*4^C:ol,^T^i^ £l>£2. £l>£3©H^*«i 

[0 0 2 4] z.(D2^n.(Dy>tV=-vi>^^(Dmit±(0 

[0 0 2 5] mz. if.msm.momw^mxibinmm^:. so 



ol^t:i5iBJ■r i)o 1 5: S i (J±^«^ 1 1 . 

9) (D-m.f^O. 4Mm©=^ai:1"So ^®SI«<*tt 
lCDilIH»±> m^f-O. l/zmOSiOj (Jt^m^3. 
1) Ai®^-C^^■So Sl«i*3ttc:©ig-&x (]±^m 
^1) T-feSo iSSl. 5 5 A£ni<D?t(C?tbT^^>''^> 
Y^^'^yr■^n^^ztit. !(*o*tS^®1S^«i»?fe l . 5 
5 m i: r^^«M^^o !»®*jS^o1S^«aS[ttSim<4: 3 

©Ejyji^icti^-rso BS<*tti*ss iT-*s 

SiOz^W.m.-t^:Lh\z^y). m^\^. GaA 

[0 0 2 6] [n 2 (Dmm^mi m 2 2 © 

^7 b - 5' i'i^SSif W¥ffl©^SS75l^5tP€)Mfc:^ffl 

«jgS^bToSo Eiicisi^-r, n^i ittWf®**P3Jf^ 

^©sisi*:a 1 (Dmmw-iy^t^u^^^W) . 1 2 1± 

5l®t*:tilOiilHSISaL*^-oK^mi*^l lP^t?£* 
^ tLfcll 2 ©^mfrx 1 3 2 ©iimi* 1 2 4= ic i^a 
$ tl 2> f ntt4S©^ 3 ©SS«f*:T fc S o 
[0 0 2 7] *||}Sff^ffi©*»:^JT-$>S^I£fi«J{C 
olNTUiBS-r-So SIS<W41 l?£:GaAs (ttBfl:^ 1 
3. 1) ©iSSO. 4 3A£m®ntti:b> -^CjlH^tft 
■5^«'»1 2<&s P^O. 1 A£m©S i O2 (tb^S^ 
3. 1) i:-rSc ^fe. Bim{*:13tt^m (tbSIS^ 
1) -CfeSo iKftl. 5 5/zm©itlc^b-C^:±>'^> K 
df-\'5'r^#St:li, »©*te^ ©IS^^SSttt 1 . 5 5 
>[zmi:t-n{^J:^^o !l$0^<S^©«^«i»ttSI«i*= 1 3 
©ie?OMIW{c*i^t-i)o 

[0 0 2 81 [^3 ©S^MJfJSS] HI 3 tt*^B^®^ 3 © 

$>^o A-U B-l, C- ltt^X«{c*5(:fS 

llfSll*^ tfe^ A-2> B-2. C - 2 (iHulB^&xa 

[0 0 2 9] C©7* h-'^/^I^SSSaJtt-StCtt, gl 

"4iA- i^itfA-2trji^t-J;o{Cs ^fe-Ts t^Wif^y 

Vi^::^ h^'^^ — >S:SIStt:S«2 l±tc:JgJ*-rSo d© 

b3|-7S:ff^lV gKai'^f^^^^XS©^*!)© 

[0 0 3 0] Sfe, Ui?:^ h-'t^J' — >AsSb>'^^ — 

c:0Ui^;^h*s Ji>;/f">;7XS©fc«)©^>;'5^> 
i^Y';^^ 2 2 h-rSo \y V 7. V — 

S:^-rBI«<*S«2 l±t: im:Ji±o^JR*?>v^fiR« 
<*®»l!M^fiEI!Mb. ^iNT^W«^^->®i^i^;^ h^'^^ 

>i5^tJ;t)WS^^ b>'^^'->*SI«fli:S«2 l±{::^ 
bfeB5gB»Wlcfi^b, ii®^Kte^>'^^'->*^<^ 



4^(5)2 000-35263 



[0 0 3 1 ] \yi>7.Y}^^-yii'<bmn.ww&2 i±.(D 
^iSaft:cDfe¥>' ^ ^ — > * ^ ^ > ^"^ ^ i: 1 1 a« 
[0 0 3 2] m^PB- lJSLXfB-2IZmtJ^^ 10 

h'^-iaL'y^yif^s^m^^xmMPf-&m2 iirft^-r 

U C 2 lie 2 i^7tiO»©MtS^t^OK« 

tf. 3i«;/^><7x';^<!7 2 2As^S-?'Ui^:^ ^t?fe^^{^^ 
K^^, 3i-;5^><7v;;^ ^ 2 2 ^|i^*-ri)4e;>5*sfei) 
AS, ji.;;?-^^^-^:^^' 2 2ASSI«<*«*4t:^^S^{*s 

[0 0 3 3] ^>:^^■r•. Eft^c- i:Rz5c-2icg^-r<td 20 
a^s 2 1 <D±\z. mmn^M 2 ij: ti *gi«^o'h$ 

J?i^«. K^ffi«:S«2 l±CflJJ5E$tife»®#1S^iS 

?ijffliim*m 2 3 o«3£gE^m*Wii 2 3. 2 3 mxmm 

IV ^3ag^SI«<*«2 3x 2 3H-CSim**:K2 4*^^^ 

[0 0 3 4] ir©7 3r 30 

(c(i^«^13. l©GaAs»t5 
ffl^,^So c:®^«{*:S«2 l(C<J;-5^'®l!RiR*'h^F<iiP 
^i>fe«). c:©si«<*:a45 2 U4y>K-7-i:t- 
v^-t. ::;<tr>rj-<5'-^ffli^T^Simi*:»«2 i±k:P 
MMAL/i^:^ h4 0. 2//m^^^Lx 8 0°CT'15^F^ 

l-^dttciD, GaAsa*g±l::*&^^iSl . 5 5 ;U 
m©iiOMtS^JS^l'':^:^ b>'^<5'->*ffM-r^o 
«^«£iPlK^m^^SS:ffll'^-C^^^^^^•«^->±^^Ni 40 
^5 0nmJt«b. *«l?g?PJt:KGaAsa«S:S«b 

[0 0 3 5] ^5^V^■r•^ KGaAsSIS^ECRr^X-^ 
3i<;'5=->^^^S(c«Abv 0. 1 mT o r rom^^f;^ 

7'7Xv&^l^t^ a«©>'wrxmffi*7 0 vi:b-r 

x->y^>i'"*fT-5o c©:i^iyf->^4'v GaAsSlK© 

mK5aai:*i5tlc:<tOGaAs*«±©N ivxi? 
©fi§5*i:^GaAsa«©J5trt*tf'&:-5o ^i^t. 
VD^B^ffll^t, ^GaAsa«±{c:0. l^mCS 50 
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i 02^ii«Ti)o 

[0 0 3 6] St. !S©**S^ie?iJ©Simi*:ti2 3 ±SI5 
;RU'Sim#:tt 2 3. 2 3 H©)Sg|5t:i«ll$ tlfc S i 0 j 
^liSSibfeV^^g-^l^Itt. HJ-KGaAsaffi4¥^f^« 
SK5'f :n<;'f">^J^^Blc«Ab> 3mTorr®CF 
^^tfXX^Xv^^lATv a«©>'WTX«ff^:3 0 V 
Sai:bfcP75^4:i^5'^>i''t:j;»)[*A-r«>o cciT- 
(4. F7>f J^-;'^>^^^gi:bT. V'pX-^-^mmth 
^M^ffll^fcA*. 3t?:fiJfflbTx<v^>^-r?>3t:ii';'5^ 

>-?'^S**'Jfflb-c*)J;<. M;514inx*s^T^tx.i)t)© 

[0 0 3 7] ^USS^'JtCi !3f#e>nfc7::r hzi-;;^'^^ 
(±. GaAs©»©*t^{c*S^iE?U^ix:fcBm*m2 
3. 2 3P^iiS i 0 2U:J;t)gi^^iXt:v>2)©T?. tJ£3tE 
©Rtt»©«IS^^t-lt'<T«IMfl<J^Stt*S©K:iRl± bt 

[0 0 3 8] C©^3©IIJEff^S©2iR7c7* b-ry^ 

ifes^©i53i?5^^s■^tt^ simi*; (GaAs) ®»©^is^ 

si->t'^si^n^©T-> i^jtxM^tfT-wsimi^tt©® 

Jl©7* h = ';'i'iSffi©®Ji:5Sttx c:©J;a«i:SSJgx 
^iJ^^'icjsWSP®^:^©®*©®?:!;^^*-^* fc^t 

[0 0 3 9] [||4©l|}|y&«] 0 4ii2|s^BJ©^4© 

feSo Etf. A-l. B-l. C- ltt=SXStCi3»ti, 
Krfflia*. ^fc-. A- 2. B-2. C-2<±BtiB&Xg 

[0 0 4 0] C©7* h-5/i'i^g5:K5itf StcJi. M 

cf^A- i^it;fA- 2K:s^-r<fcaic. ^tuv^^^ 
<ta!ibfcVM»©«<S^©*S^^^iSi: 

m<*a*5 3 i±(cffjj5S;-r-5o c©b#. jf^mb^-'^^— > 

igg< J::yf^>^XS©fc«&©3iy5">i^-7 

x^ 3 2 ^^^^\>X9\-<D^^\zm^ir^<, 
[0 0 4 1] Sfe. — — 

i^<3i«>5=->d^Xg©fci*©:i^5'^>'^-^Xi' 3 2 

f*S« 3 1 ±(c 1 ^J.:i.±©^M*>?>v^^4SI«^*;©SK^: 
fiEJMb. »:v^-e. ^©?ii!M±t3&t^-«4'->©ui;;^ h 

J; »3 bi^X h;-^*- — >*Sltt't^S«3 1 ©± 
tfiJcBIbfeBulB^flilcte^b. €©»flie¥^''^^->^£ 
i^<;ii.vf^>^Xg®fc«)©:t.;;5^>^^-7X^ 3 2 b 

[0 0 4 2] C©bi?X h^'^^ — >*^e)S«<*:»«3 1 




m)2 



^-f 3i2;5=->^^U CCDSI«i*a«3 Hc:2iJj7cO=^ 
IS^^ie^J?L 3 3 ^ff^sK-r S o 3 d -e ttx x 5=- > v ;^ 

3 2ds^a-^bi>*:^ te¥^> 5">^ 

v-;^^ 3 2^^*■ri.**^ Ji-i'f^>^^v;:^i7 3 2*s^« 

[0 0 4 4] i)J^^T•^ mfPC - 1 - 2 tTn-f i d 

»ffi3 1 ^K-fbbv Hft*S^iBy'JJL3 3®*n©-«J? 

^'^b^^^2>m^cD*^*4-c•$)5Km^*®i^^'^eS**^?>^ K 
■(b$nfc^o^-fbigso<£v>^m*l::^'fb-r -SCI i: i:«t 
2>o ^^bK3 4£DJ5^tt. HfttS^^E^FiJJLS 3©l9¥«?r 
2.?L3 3. 3 3F^*s^^(cK^bM3 4(c^^b1-i>;^cW® 

Bm*wmias^-r?>3o®?L3 3{cBttL 

[0 0 4 5] eifi5^aF^X-K'fbl^3 4*JBEiKU■C^^S© 

^^o '5:*5^ ^IbM 3 4 ©iPi^Ji, H^tS^i2?iJ?L 3 3 © 
PSri.?L3 3. 3 3BgAs^^tc^Yb)K3 4<C^^b1-S 

^^iB^ysjf^fiicbfc^tK^bKs 4 4«fflu:tta-r?>s^ 

i:ai*±**t>ttls]blc/d:5.As, =^ISTiE^'J?L3 3. 3 

•rs®-&t»4. $feir=^*&^E^j?L3 3> 3 3m<Dmm 

mim(Dm^^:K^ < t^x^is 3©inx^bfc^t:^ 
«®A^'b^^bbTl^<;J5**«Sa*)^c:s^^SA**>^3^ SisS** 

1. 9©SiS« 
c©S iaiKtcJ;2)Jt©i!SitX&'J>^<}W^?>fc 
«). S i K-T-fc^So ^^l^■rN ;^tf>3- 

^— ^fflV^-CS iatg±tc M^i^;^h?:l/^ 
m^^b, 8 0°Ct: 1 5:9-F^^— ^ bfc^x 

±{c|S^^» 1.55 jum. 5tg 1 . 40 /zm©=^« 

[ 0 0 4 7 ] C©S iatS4ECR^>>5^>i?' 

^Bl-«Ab. 0. 1 mT o r r©ie^:tf;^7'7Xv<£ 
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